Abstract Gomory mixed-integer cuts (GMICs) are widely used in modern branchand-cut codes for the solution of mixed-integer programs. Typically, GMICs are iteratively generated from the optimal basis of the current linear programming (LP) relaxation, and immediately added to the LP before the next round of cuts is generated. Unfortunately, this approach is prone to instability. In this paper we analyze a different scheme for the generation of rank-1 GMICs read from a basis of the original LP-the one before the addition of any cut. We adopt a relax-and-cut approach where the generated GMICs are not added to the current LP, but immediately relaxed in a Lagrangian fashion. Various elaborations of the basic idea are presented, that lead to very fast-yet accurate-variants of the basic scheme. Very encouraging computational results are presented, with a comparison with alternative techniques from the literature also aimed at improving the GMIC quality. We also show how our method can be integrated with other cut generators, and successfully used in a cut-and-branch enumerative framework.
Introduction
Gomory mixed-integer cuts (GMICs) for general MIPs have been introduced by Ralph Gomory about 50 years ago in his seminal paper [22] . However, these cuts were not used in practice until the seminal work of Balas et al. [5] , who found for the first time an effective way to exploit them in a branch-and-cut context [14] , stressing the importance of their generation in rounds, i.e., from all the tableau rows with fractional right hand side. Nowadays GMICs are of fundamental importance for branch-and-cut mixed-integer program (MIP) solvers, that are however quite conservative in their use because of known issues due to the iterative accumulation of GMICs in the optimal linear programming (LP) basis, which leads to numerical instability due a typically exponential growth of the determinant of the LP basis.
Recent work on the subject suggests however that stability issues are largely due to the overall framework where GMICs are used, rather than to the GMICs themselves. Indeed, the two main cutting plane modules (the LP solver and the cut generator) form a closed-loop system that is intrinsically prone to instability-unless a "decoupling filter" is introduced in the loop. Breaking the feedback is therefore a must if one wants to really exploit the power of GMICs.
In this paper we propose a new mechanism to break the entanglement between LP bases and GMICs. More specifically, in our framework the generated GMICs are not added to the current LP, but immediately relaxed in a Lagrangian fashion. In this way, GMICs are always generated from a (Lagrangian near-optimal) basis of the original LP, hence their quality is not likely to deteriorate in the long run as we do not allow GMICs to accumulate in the LP basis.
The approach of relaxing cuts right after their separation is known in the literature as relax-and-cut. The paper is organized as follows. Section 2 briefly reviews standard GMIC frameworks from the literature. In Sect. 3 we introduce our notation and describe the relaxand-cut framework. Various elaborations of the basic idea are presented in Sect. 4, that lead to faster yet accurate variants of the basic relax-and-cut scheme. Very encouraging computational results are presented in Sect. 5, with a comparison with alternative techniques from the literature also aimed at improving the GMIC quality, namely those proposed very recently by Balas and Perregaard [7] and by Dash and Goycoolea [17] . In the same section we also discuss how our method can be integrated with other cut generators, and successfully used in a cut-and-branch enumerative framework. Some conclusions and possible directions of work are finally addressed in Sect. 6.
We assume the reader has some familiarity with MIP cuts; see, e.g., Cornuéjols [15] for an in-depth treatment of the subject.
